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How the (Pediatric) Heart
Works When It Contracts
Application of Left Ventricular
“Isovolumic Acceleration” as a Load-
Independent Index of Contractility*
Sa´ndor J. Kova´cs, PHD, MD
t. Louis, Missouri
Pediatric cardiologists, indeed all cardiologists, are often
confronted with the challenge of clinical decision-making
based, in part, on assessment of systolic function. Because
most indexes of systolic (or diastolic) function are load-
dependent, the availability of load-independent indexes
increases confidence in knowing the functional capability of
the heart and thereby facilitates the decision-making pro-
cess. There are only 2 options: resorting to an invasive index
or a noninvasive index. Unless circumstances mandate the use
of invasive methods (to obtain maximum elastance for exam-
ple, the gold standard for systolic function/contractility assess-
ment, or peak rate of the rise of left ventricular [LV] pressure,
a commonly accepted surrogate), noninvasive indexes of sys-
tolic (or diastolic) function are preferred—to the extent that
they actually provide information that is clinically useful.
See page 1100
In this issue of the Journal, Roche et al. (1) determine the
normal variation of left ventricular isovolumic acceleration
(LV IVA) in healthy children as well as the feasibility of
noninvasive determination of the LV force-frequency rela-
tionship (FFR). The LV IVA at rest was measured echo-
cardiographically in 236 healthy children. The FFR was
obtained in the form of LV IVA versus heart rate (HR)
plots in 51 children during semi-recumbent exercise. To
assess potential clinical utility, pilot FFR data were collected
from 16 children previously treated with anthracyclines.
Results showed that echocardiographic evaluation of LV
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resting LV IVA was 1.2 m/s2. Resting LV IVA was
naffected by age, sex, weight, height, and body surface area
ut was somewhat dependent on baseline HR (r  0.18,
 0.0006). Positive FFRs were confirmed in all healthy
hildren, whereas some with prior anthracycline exposure
emonstrated flattened force-frequency curves, largely inde-
endent of resting LV ejection fraction, compatible with
educed contractile reserve. The authors concluded that LV
FR can be obtained in children by measurement of IVA
uring exercise. The availability of pediatric normal values
or this relation and for resting LV IVA might be of benefit
n assessment of LV contractility and myocardial contractile
eserve during childhood. Demonstration of the ability of
he FFR to (preliminarily) differentiate between healthy
hildren and those exposed to anthracyclines further under-
cores its clinical potential. It is appropriate to review the
hysiology and the concept of load-independent measures
f cardiac function, before commenting on the overall utility
f these results.
Because the heart evolved as an organ capable of response
o varying load, a more complete assessment of its systolic
or diastolic) function—often referred to as its “reserve”
apability—can be obtained if assessment methodology
ncorporates response to variation in HR or load. Conven-
ionally, the augmentation of myocardial contractility as a
unction of HR is referred to as the FFR.
Consideration of the events of the cardiac cycle and the
vailability of Doppler tissue imaging (DTI) technology to
haracterize tissue motion as a function of time at the needed
patial and temporal resolution provide an acceptable nonin-
asive surrogate for maximum elastance or peak rate of the rise
f LV pressure, which are established indexes of contractility.
After inscription of the transmitral Doppler A-wave, LV
ressure rises, and LV end-diastolic pressure is attained, the
itral valve closes as isovolumic contraction commences. At
he sarcomere level, what has occurred is establishment of
he beat-to-beat setting or “initial conditions” for contrac-
ion, the pre-systolic length (the 1-d analog of LV end-
iastolic volume), but the sarcomeres are not yet “aware” of
he pressure at which the aortic valve will open as the
laments will slide past each other. Autonomic tone, HR,
nd so forth are assumed to be steady state. Crossbridges are
ecruited; increasing isometric force is generated until the
alve opens and the filaments slide past each other to initiate
jection. During isovolumic contraction, the myocardium
enses, and because of the helical fiber sheet geometric
eave of the chamber wall, there is motion manifesting as a
hange in overall chamber shape and torsion—without a
hange in LV cavity volume—because the aortic valve has
ot yet opened. Quantitative noninvasive assessment of the
wall tensing” process, generating simultaneous movement
f the tissue, is achieved by DTI (speckle tracking) of the
V wall wherein a sample volume is tracked as a function ofime throughout the isovolumic contraction process. The
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as a function of time, wherein acceleration is calculated as
the difference between baseline and peak velocity divided by
the elapsed time interval (Fig. 1) (2,3). This is the physio-
logical and physical basis of IVA.
Once the aortic valve opens, feedback occurs to limit
additional crossbridge recruitment. Chamber relaxation ac-
tually commences, counter-intuitively, while the aortic valve
is open (4) and the LV is ejecting.
Although IVA has been used to obtain FFR in congenital
heart disease (5) and its load independence has been
demonstrated (6), the authors are to be congratulated for
expanding the realm of application of the index into
pediatric cardiology and providing compelling preliminary
data of its potential utility.
When viewed from the more global physiological perspec-
tive of quantifying how the heart works when it contracts
(empties), IVA and FFR convey some important physiological
attributes, but they do not encompass all the determinants of
function that are needed to be known to fully characterize
systolic function. The ideal (not yet achieved) scenario would
be a complete (mathematical) in-silico (multi-scale) formula-
tion of heart function, wherein clinical (echocardiographic,
magnetic resonance imaging, catheterization, and the like) data
were used as input and physiological indexes of heart function
were generated as output. Presumably these causality (mathe-
matical model)-based indexes would provide the information
required to make informed diagnostic and therapeutic deci-
sions. Although this idealized scenario is not yet a reality,
Figure 1 Simultaneous Tissue Doppler Trace and LVP Data
The vertical line describes the onset of isovolumic acceleration, which coincides w
ing the abbreviated appearance) and the R-wave on the electrocardiogram (ECG). I
velocity divided by the elapsed time interval. Reproduced, with permission, from Vprogress is being made (7) and continues in the cardiovascularrealm (8). Toward this end, progress in achieving a clini-
cally validated noninvasive, echocardiography-based, load-
independent index of both systolic (6) and diastolic function
(9) continues. The current investigation concerns isovolumic
ontraction and uses IVA as an experimentally derived, load-
ndependent index of contractility. For completeness, the
ime-symmetric portion of the cardiac cycle—namely isovolu-
ic relaxation—is similarly amenable to characterization in
odeling terms (10), from which a load-independent index of
sovolumic pressure decay or relaxation (11) can be obtained.
The current results by Roche et al. (1) reinforce the value
f and provide additional impetus for creative application of
vailable technology to advance and achieve the aim of
ptimal characterization of cardiac function for the benefit
f patients. The preliminary application of FFR as 1
easure by which to differentiate between healthy and
nhealthy hearts, as in this study, warrants broader appli-
ation. The authors deserve credit and are to be congratu-
ated for contributing toward these aims.
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